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Clari¢cation of the aetiology of chronic human diseases such as atherosclerosis or cancer is one of the
dominant topics in contemporary medical research. It is believed that identi¢cation of the causal factors
will enable more e¤cient prevention and diagnosis of these diseases and, in some instances, also permit
more e¡ective therapy. The task is di¤cult because of the multistep and multifactorial origin of these
diseases. A special case in contemporary aetiological studies is de¢nition of the role of viruses in the
pathogenesis of human cancer. Virus-associated cancer develops only in a small minority of infected
subjects, which implies that, if the virus does play a role in the pathogenesis of the malignancy, other
factors must also be involved. In this paper the author attempts to review the present methodological
approaches to aetiological studies of chronic diseases, discusses the role of criteria for identifying causal
relationships and proposes guidelines that might help to determine the role of viruses in human cancer.
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`Conclusiveness in inferring causality is a desire more
often than an accomplishment.’

(Susser 1988, p. 55)

1. INTRODUCTION

The problem of causality is one of the central themes of
human thought. Paradoxically, philosophers have devoted
much more attention to causality than have scientists, one
of whose primary tasks it is to identify concrete causal
relationships. In medicine, e¡orts to understand in greater
depth the processes of recognition of causes of
phenomena, and the logical and philosophical aspects of
the problem, have only gathered in strength over the last
three or four decades. This rise of interest in the subject
has been associated with the contemporary state and tasks
of medicine. Foremost among them is the challenge of the
chronic maladies such as cardiovascular diseases and
malignant tumours. In the developed countries they
together account for 80% of human deaths. Identi¢cation
of their causes is a basic precondition of getting them
successfully under control. The problem is not at all
simple. In either case we are facing pathological con-
ditions whose development is multistep and multifactorial,
i.e. complex and not easy to decipher from the causative
point of view. This opens a wide gap for the most curious
hypotheses, which, despite their poor substantiation,
surprisingly often ¢nd their way as guidelines into
medical practice and do not always guide it in a desirable
direction. Among the medical community, the conviction
has accordingly been gaining ground that de¢nite and
generally acceptable criteria should be set down, whose
ful¢lment could con¢rm or disprove an aetiological
hypothesis and would entitle one to take practical steps
towards prevention, diagnosis or therapy. An outstanding
example and a still functioning catalyst of aetiological

studies is the celebrated report of the USA Surgeon
General on the relationship between smoking and lung
cancer (US Surgeon General Advisory Committee 1964).

2. DEDUCTION, INDUCTION, KARL POPPER

AND SCIENTIFIC HYPOTHESES

In medicine, the ¢rst signal of a possible causal rela-
tionship comes from the observation of repeated coinci-
dence between factor F and disease D, and from the
realization that their association in time and space is
more frequent than accidental. Such an observation will
give rise to the formulation of aetiological hypotheses. It
is then a matter of investigation to decide between, or,
more precisely, give preference to one of, the alternative
hypotheses. There exist two basic logical procedures for
drawing up causal conclusions: deduction and induction.
They do not obey the same rules. By deduction we under-
stand inference of particular propositions from general
propositions. Deductive logic is a system of rules for
getting true conclusions from true premises (Rothman
1988). Induction is the inverse process. It consists in infer-
ring general rules, laws and predictions from repeated
observations of phenomena. As Rothman (1988) points
out, a major part of the philosophy of science has been
dedicated, since the time David Hume subjected induc-
tion as a method of thought to a crushing criticism, to the
revindication of induction or to attempts to conceive an
epistemology of science without induction. The critics of
induction claim that regardless of how carefully the induc-
tive procedures are applied they do not warrant correct
conclusions. This is so because they are immediately
dependent on observations, which are not reliable enough
owing to their limitations, ¢nitude, and imperceptible
connotations. Besides, there are no such things as comple-
tely impartial observations. Observations are probably
always selective because they presuppose a certain task,
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attitude, antecedent opinion, beliefs, a preconceived
hypothesis, whichöto a large extentödetermine what
the observer sees and what tends to be neglected because
it is counter to the goal, i.e. they are subject to a tendency
called `wish bias’ (Wynder et al. 1990).

Regarding scienti¢c cognition and especially the in-
ductive method, two camps have formed among the
communities of philosophers and philosophizing scien-
tists. Veri¢cationists infer causal conclusions from
repeated observations by means of the inductive method.
Falsi¢cationists, on the other hand, reject induction and
abide by deduction alone, claiming that observations can
only serve to reject theories.

The chief protagonists of the inductive method in the
20th century were Bertrand Russell and some members
of the Vienna Circle (Gillies 1993). In an attempt to put
inductive inference into a logical form Russell formulated
the s.c. principle of induction (Russell 1998), comprising
two statements. First, as Russell puts it, the greater the
number of cases in which two things are associated, the
greater the probability that they will be associated in a
fresh case in which one of them is present. Second, a su¤-
cient number of cases of associations and no cases of
failure of such associations will make the probability of a
fresh association nearly a certainty and will make it
approach certainty without limit. The inconsistencies
arising from the principle of induction have been criti-
cized in the 20th century by many philosophers and
scientists. Out of the critics of the induction method, two
are most prominent, namely the French physicist, philoso-
pher and historian of science Pierre Duhem and the
recently deceased British philosopher of Austrian birth,
Sir Karl Popper. Their criticisms di¡ered in important
respects. Duhem’s approach can be labelled as historical.
He criticized philosophical interpretations of concrete
scienti¢c discoveries, e.g. Newton’s or Ampere’s inducti-
vism (Duhem 1991). On the other hand, Popperöbeing
in£uenced by the Vienna Circle, of which he had never
been a member and with the philosophical concepts of
which he disagreedöadopted a strictly logical approach.
In addition to his criticism of inductivism, Popper created
a new general and consistent concept of philosophy of
science called critical rationalism, which has markedly
in£uenced the methodology of contemporary natural
sciences (Popper 1959a,b,c,d, 1995). Let us take a look at
the main principles of Popper’s epistemology of science
since they are relevant to our discussion.

Induction, says Popper (in agreement with Hume), is a
psychological, not a logical process. Science is striding
ahead leaning on deduction alone. The ¢rst step is the
formation of a hypothesis, and this is an act of invention
and imagination. Attempts to verify a hypothesis are
devious and useless. Real progress is only possible when
we endeavour to disprove the hypothesis. A useful
hypothesis must therefore be testable. It should be simple,
precise, and comprehensive, for this facilitates its testa-
bility. If attempts to falsify a hypothesis fail, it is neither
veri¢ed nor refuted but remains a conjecture bound to be
refuted or modi¢ed in the future. Thus, the best we can
hope for is a theory that is nearer to the truth than its
predecessors. As expressed in Jacobsen’s schema (¢gure 1)
( Jacobsen 1988), science in Popper’s concept is a never-
ending sequence of conjectures and refutations.

The present, Popper-inspired contention between veri-
¢cationists and falsi¢cationists is having repercussions of
extraordinary intensity also in medicine, as heated
discussions on the pages of journals and at various meet-
ings testify.

Is there a possibility of reconciliation between the two
trends? I daresay there is, and a reasonable bridging of
the seemingly abysmal di¡erences is, for medicine as a
science standing in the direct service of man, indispens-
able. It is not the purpose of the following discussion to
provide any de¢nitive conclusions concerning the point,
but rather to stimulate further relevant thought on the
methodology of aetiological studies.

Our discussion will have ¢ve points of departure.

(i) Scienti¢c hypotheses will be consistently distin-
guished from unscienti¢c by their testability, i.e.
only testable hypotheses can be considered scienti¢c.

(ii) Falsi¢cation will be accepted as the critical element
of scienti¢c progress. However, this does not, in
practical scienti¢c work, preclude the simultaneous
use of both falsi¢cation and veri¢cation, especially
so if, together with Popper, we look at veri¢cation
as failure of falsi¢cation attempts.

(iii) In our discussion we will not take up the position of
militant deductivism. It appears to be ever more
acceptable that new hypotheses in biomedicine are
generated as a result of re£ections on both preceding
theory and new observations, i.e. of a certain inter-
action between deduction and induction. The e¡orts
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Figure 1. A logico-deductive (Popperian) model of scienti¢c
discovery (after Jacobsen 1988).



of some of the contemporary philosophers to intro-
duce terms like c̀onjectural induction’ or to di¡er-
entiate between c̀reative induction’ and `mechanical
(or Baconian) induction’ (Gillies 1993) are an
expression of this understanding. Moreover, it is not
the intention of this essay to contribute to the
frequently unfair arguing of some of the present
philosophers of science who seem to enjoy culling
certain statements concerning induction or deduc-
tion out of context, in order to demonstrate striking
logical inconsistencies in their opponents’ concepts.

(iv) We will accept the role of the scienti¢c community
in assigning value to hypotheses. While I assume a
wide consensus concerning acceptability of the ¢rst
three points, I certainly do not take for granted
positive attitudes towards the fourth. Rather, I
anticipate the objection that I am adopting a non-
scienti¢c approach. In medicine, nevertheless, where
any new conclusion concerning causality may have
far-going consequences for human health, a di¡er-
ent approach would be unjusti¢able. The point is
that search for causal relationships in medicine has,
apart from epistemological and ontological aspects
(which are inseparable), also its ethical side. In fact,
the two processes, i.e. the process of drawing conclu-
sions from aetiological studies and the process of
making public health decisions (e.g. as to the intro-
duction of a new vaccine), in spite of their di¡erent
methodological concepts, strongly overlap and inter-
act, rejecting the separation of theory and practice
in medicine. If we take the consensus of the medical
scienti¢c community to be a necessary precondition
for accepting a conclusion about something being a
cause, we must do so with the reserve that this
consensus does not warrant the correctness of the
inference. Such consensus is always conditioned by
the antecedent knowledge and its interpretation,
and hence is time dependent. Thus, the consensus of
the medico-scienti¢c community can never have the
weight of a ¢nal verdict and as such it should be
associated with permanent criticism, which hope-
fully will induce corrective changes. Moreover, a
consensus can beöand frequently isöin£uenced by
a common lack of knowledge and also, unfortu-
nately, by shared prejudices. These often stem from
the paradigms of the time, which determine the
manner in which scientists endeavour to explain
unknown phenomena and form causal conclusions.

(v) Our discourse will in large part proceed along the
pathways of epidemiology. This will be so not only
because epidemiology, of all the medical sciences,
probably stands closest to philosophy, but especially
because the causes of those diseases that are the
greatest concern of today’s medicine will mostly be
determined with the essential help of epidemiolo-
gical methods. Looking at things from this angle, it
is not surprising that most of the most ardent
disputes about the ways of formation of scienti¢c
hypotheses in medicine and the methodology of
their veri¢cation and/or falsi¢cation have been
taking place among epidemiologists. Moreover, it is
the conceptualization of causal models by which, in
my view, the science of epidemiology has most

signi¢cantly contributed to progress in theoretical
medicine.

Our reasoning about the validity of theories will be
kept predominantly within the limits of the contention
between inductionists and deductionists. It should be
noted, however, that the importance of other issues in
connection with the veri¢cation or falsi¢cation, which do
not completely rely on logical empiricism, has also been
accentuated. These include relevance of the question of
how a particular theory has been constructed, as
reviewed and documented by examples from the physical
sciences by Worrall (1985), and the so-called `new experi-
mentalism’, which emphasizes the role of the actual
experimental process and its analysis and interpretation
in the inquiry into the inferences made (Hacking 1983;
Mayo 1996a). These procedures are based on, and
structured by, critically evaluated statistical tools (Mayo
1996b).

3. GENERAL SCHEME OF CAUSAL RELATIONSHIPS

Table 1 presents a general logical scheme of relation-
ships between putative causative factor F (exposure) and
disease D. In describing these relationships we shall use
the philosophical categories of `necessary’ and `su¤cient’
condition of cause. As pointed out by Susser (1973), there
exist four types of possible relationships between F and D.
F is 1, necessary and su¤cient; 2, necessary but not su¤-
cient; 3, not necessary but su¤cient; or 4, not necessary
and not su¤cient. It is evident that there is an essential
di¡erence between patterns 1 and 2. Patterns 3 and 4
resemble them, but di¡er from them by conceding that a
given clinical entity may have alternative causes. Though
this is often so, our discussion will be con¢ned to possi-
bilities 1 and 2. The validity of our conclusions will thus
be restricted to all cases of diseases that share a speci¢c
causative factor. Not only is the generation of any single
disease that may have two or more alternative causes a
much more complicated matter to consider, but there is
also good reason to hold that such a clinical entity is not,
sensu stricto, one disease but will in the future undergo
subdivision according to its aetiologies. This will almost
certainly be linked with rede¢nition of the descriptive
criteria on the basis of which the disease is classi¢ed. On
the other hand, we consider it highly expedient to discuss
pattern 2 in two separate variants.Variant one: the causa-
tive factors act simultaneouslyölet us designate this
subpattern 2A and say it represents a c̀omposite cause’.
Variant two: the causative events come consecutively, and
the subpattern 2B will be said to represent a c̀atenated
cause’. As will be shown below (see ½ 5) the methodology of
investigating causal relationships di¡ers for these two
types of situation. Among the causative factors, events
which create conditions for the cofactors to occur also
have to be included. In the case of cancer they are called
p̀romotors’, which are de¢ned as events that are not
carcinogenic by themselves but help the development of
cancer.

It should be mentioned that the causal factors
additional to F (whether in a composite or catenated
cause, i.e. pattern 2A or 2B) must be di¡erentiated from
the events mediating the transmission from F to D.
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Discontinuity is one of the basic attributes of the cause^
e¡ect relationship in biomedicine. Between F and D there
is usually a chain of events that are connected to F at one
end and to D at the other end. Their number is depen-
dent on the nature of the process but also on the level at
which these events are de¢ned. In our search of causes we
will consciously omit this chain of events which mediates
the F!D sequence and shall consider it a standard
condition.

4. CRITERIA FOR IDENTIFYING CAUSAL

RELATIONSHIPS

In addition to the discontinuity just mentioned, the
relationship between cause and e¡ect in medicine has
three basic characteristics: association (i.e. coincidence of
F and D, see ½ 3); temporal sequence, i.e. the cause is
antecedent to the e¡ect; and direction, i.e. F leads to D.
Association is evaluated in relation to chance concur-
rence. It has to be demonstrated by statistical methods as
falling outside the limits of expected variation and
persisting under variable conditions. It is evident that in
biological systems the cause is always antecedent to the
e¡ect, but it is not always easy to demonstrate this;
indeed, sometimes it is very di¤cult to do so (see below,
this section). Direction is an expression of asymmetry

between cause and e¡ect (by de¢nition, symmetrical asso-
ciations are non-causal). This asymmetry is the point of
departure in compiling sets of criteria proposed and used
for clarifying causal relationships. According to many
authorsöand these are not only outright veri¢cation-
istsöthe ful¢lment of such a set of criteria a¤rms or
makes highly probable the existence of a postulated
causal relationship. We will be a bit more modest and
speak of corroboration rather than con¢rmation.

The most frequently discussed and the most generally
accepted are the criteria formulated by Sir A. B. Hill
(Hill 1965, p. 299) (table 2). It should be stressed that
their author did not consider them as `hard-and-fast rules
of evidence that must be obeyed before we accept cause
and e¡ect’. Rather, he was convinced that none of his
`nine viewpoints can bring indisputable evidence for or
against the cause-and-e¡ect hypothesis and none can be
required as a sine qua non’ and that they should function
more as a stimulus `to make up our minds on the funda-
mental questionöis there any other way of explaining
the set of facts before us; is there any other answer
equally, or more, likely than cause and e¡ect?’ Even
super¢cial examination of Hill’s criteria reveals several
characteristic points. First, some of the criteria overlap
and complement each other (e.g. strength of association
and speci¢city, or coherence and biological gradient)
rather than being mutually disparate. Second, it is
evident that their number does not need to be de¢nitive.
Some other criteria could be added or, as advocated by
others, some of those listed could be excluded. Third, the
criteria do not constitute any clear hierarchy, as one can
easily imagine situations where some are dramatically
more important than others, in other words, the value of
individual criteria depends on the hypothesis tested.
Fourth, since establishment of causal inference is an evol-
ving process, the virtues of the various criteria are depen-
dent on the stage of this process. Fifth, some of the
criteria are more useful for corroborating and others for
falsifying a hypothesis. Precisely this point makes it
possible to judge their use from the point of view of the
controversy between veri¢cationists and falsi¢cationists.
However, since words may have di¡erent meanings, we
must ¢rst be clear about what values the individual
criteria signify. The present concepts of the criteria are
somewhat di¡erent from Hill’s original descriptions,
which is a re£ection of the developments over the last
three decades. One of the most comprehensive recent
discussions of these criteria is that by Susser (1988). The
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Table 1. General logical patterns of relationship between
causative factor (F) and disease (D) (modi¢ed after Susser
1973)

pattern F is necessary F is su¤cient

1 + +
2 + 7
3 7 +
4 7 7

1. F is necessaryand su¤cient toproduce D
F!D

(i.e. if F ispresent, non-D is impossible).

2. F is necessarybut not su¤cient toproduce D

A. Cofactors Cf1^Cfn act simultaneously with F
F
+
Cf1
.
.
.
Cfn

B. Cofactors Cf 1̂ Cfn act consecutively after F

F + Cf1^Cfn!D

3. F is not necessary but is su¤cient toproduce D

F!D
F1!D
F2!D

4. F is neither necessary nor su¤cient toproduce D

F + Cf1 . . .Cfn!D
F1+ Cf1 . . .Cfn!D
F2 + Cf1 . . .Cfn!D

® D

Table 2. The Hill criteria for drawing causal conclusions
(Hill 1965)

criterion

1. strength of association
2. consistency
3. speci¢city
4. temporality
5. biological gradient
6. plausibility
7. coherence
8. experimental evidence
9. analogy



following outline is partially based on his characteriza-
tions.

Strength of association is not equivalent to statistical
signi¢cance. An association may be weak but at the same
timeögiven a big enough population sampleöbe
statistically highly signi¢cant. Strength of association is
expressed as relative risk (RR) or the so-called odds ratio
(OR). The higher the RR or OR, the higher the strength
of association and the more probable the causal junction.
Even very high strength of association cannot con¢rm a
hypothesis. However, it may make it more preferable to
other hypotheses. Although lack of signi¢cance does not
provide a logical argument for the falsi¢cation of a
hypothesis, statistics does play a key role in quantifying
the strength of association, in discriminating between
real e¡ects and artefacts and, most importantly, in falsi-
fying the hypothesis, provided that the study has been
well designed and executed, the power has been adequate
and the measurement error low.

Consistency means identity of ¢ndings in repeated
studies carried out by di¡erent researchers, in di¡erent
places and at di¡erent times. It would be a mistake to
expect that the RR or OR values would be equivalent in
them, however. The consistency criterion is qualitative,
not quantitative. No event can be repeated precisely,
because changes occur with time and the populations
studied, and also with the design and execution of the
study. Reproducibility is sometimes said to be an ideal
representation of classical induction and is taken as the
most convincing tool of veri¢cation by inductivists. Irre-
producibility has the signi¢cance of falsi¢cation, provided
that the particular study was well conceived and rightly
executed and analysed.

Speci¢city of association is the degree of regularity
with which the occurrence of F is connected with the
occurrence of D. The closer the ratio approaches one,
the more speci¢c the relationship, and the more prob-
able the association. The ideal ratio is 1:1, but it is
almost never encountered in medicine. However, even
very low speci¢city or its absence does not preclude a
causal relationship and has no falsifying signi¢cance.
The evidence that polioviruses cause poliomyelitis is not
weakened by the infection taking a clinically inapparent
course in a great majority of infected subjects or by its
being more often manifested by a non-speci¢c illness
resembling in£uenza or aseptic meningitis than
paralytic disease. It is a rule that speci¢city in cause is
of greater importance than speci¢city in e¡ect, because
it suggests the absence of other causes. In general, the
criterion of speci¢city should be treated cautiously. It
should be recalled that the lack of speci¢city in the
smoking^lung cancer relationship has been misused as
an argument, raising doubts about the nature of this
relationship.

Temporality, i.e. the time sequence, does not need
special explanation. In spite of the logical clarity and
demonstrational signi¢cance of this criterion, in chronic
diseases it is frequently di¤cult to obtain evidence of its
being ful¢lled, however. It is a basic characteristic of
retrospective (so-called case control) studiesöwhich
make up an overwhelming majority of aetiological inves-
tigations in medicineöthat both the cause and the e¡ect
occurred in the past. Reconstruction of the sequence of

events is furthermore impeded by the fact that most
chronic diseases have an insidious onset and one cannot
say exactly when a case started. Time sequence can only
be determined reliably by prospective studies, in which
the observer can step in between the cause and its e¡ect.
If an event precedes an e¡ect, this is not evidence of its
causative function, but it may supply a reason for investi-
gating the relationship further. If, however, a reverse
sequence is found, the hypothesis is thereby refuted.

The criteria of biological gradient, plausibility and
coherence overlap strongly. Biological gradient means a
proportionality of the response to the dose (at least
within certain limits) or to the length of exposure. If
observed, it has a corroborative e¡ect. However, this
plainly cannot be required in some situations, especially
where threshold e¡ects are frequently involved. Thus,
absence of proportionality does not necessarily have a
falsifying e¡ect. Coherence is the measure of consistency
with current biological knowledge. Speaking of the coher-
ence of a hypothesis we have in mind the extent of its
agreement with theoretical deductions or inductive con-
clusions drawn from previous observations. Sometimes a
distinction is made between biological and epidemio-
logical coherence, the latter being then usually called
p̀lausibility’ and the term c̀oherence’ restricted to bio-
logical credibility.

Experimental evidence can be obtained in a number of
ways. The most valuable is the demonstration that the
e¡ect will not come if the presumed cause is removed. Its
principle has been neatly formulated by the famous 19th
century French physiologist Claude Bernard in his
Introduction a l’ëtude de la medicine experimental: `The only
proof that one phenomenon is the cause of another is that
by removing the ¢rst we stop the second’ (Bernard 1961).
(It may be of interest that this is a paraphrase of a much
older statement (by 600 years) made by the learned
Dominican Thomas Aquinas: `Sublata causa, tollitur e¡ectus’.
It is also worthy of note that in Bernard’s text the sentence
cited is directly preceded by an encouragement that the
scientist should try to disprove his hypothesis, which
sounds very Popper-like indeed.) This principle, so
brilliantly articulated by Bernard, is re£ected by a trend
in modern philosophy of science, which stresses the role of
intervention in achieving the aim of scienti¢c inquiry
(Hacking 1983). The experimental evidence desired may
come, for example, from intervention by a speci¢c vaccine
that will eliminate or lower the incidence of a certain
disease. However, one should be careful when evaluating
such data. The failure of an experimental vaccine that
should, according to the underlying hypothesis, have
reduced the incidence of a disease, needs not mean its
refutation. The vaccine as it had been prepared, or when
administered in the manner used, may not have been
e¡ective enough, or the type of immunity it induced may
not have been able to prevent the pathogenic process.

Analogy probably does not need any explanation. An
example of analogy: since it has been found that animal
retroviruses can induce malignant growth in their natural
hosts, it has become easier to assume that there exist
human retroviruses that might give rise to tumours in
man. From the point of view of deductive logic analogy is
of little value. It is, however, a frequent source of hypo-
theses.
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5. FROM CRITERIA TO AETIOLOGICAL HYPOTHESES

Let us now take a look at the power of Hill’s individual
criteria to falsify aetiological hypotheses.

The subsequent discussion and conclusions are based
on the reasoning of Weed (1988). According to him, the
possibility of directly deducing Hill’s criteria from a
causal hypothesis is largely dependent upon the general
nature of the hypothesis. Thus, in the case of the necessary-
and-su¤cient cause hypothesis (table 1, pattern 1) and in
the case of the composite cause hypothesis (pattern 2A)
the possibility of using deductive reasoning is more
limited than in the case of the catenated cause (pattern
2B). Judging by what we know of the pathogenesis of
malignant tumours and atherosclerosis today, the
development of these diseases corresponds very well with
pattern 2B. A multistage process that involves causes
acting one after the other permits more precise and more
detailed deductions and hence more facile falsi¢cations.
Direct deductions are possible with the strength of associ-
ation, consistency, temporality, experimental evidence
and biological gradient. Problems remain with speci¢city,
coherence and analogy. They are not deducible from any
of the hypotheses discussed. However, while both coher-
ence and speci¢city assume the act of deduction, analogy
has little to do with deductive logic. This critical evalua-
tion is of importance for making practical decisions about
causality; the criteria can mainly contribute if they falsify
the causal hypotheses tested or competing explanations.

What, then, is the Popperian alternative to the Hill (or
other sets of ) criteria? Is it refusal of whatever criteria on
account of their being, as radical Popperians maintain,
mere instruments for con¢rming beliefs? D. L. Weed, a
more moderate adherent of Popper, proposes that all
criteria be compacted into two, namely predictability, i.e.
the ability of a hypothesis to foretell unknown events, and
testability (Weed 1988). From any causal hypothesis,
regardless of its kind, predictions can be derived. (In this
case, as pointed out by Worrall (1985), a strict distinction
should be made between the results used in the construc-
tion of the hypothesis and those predicted by the hypo-
thesis, i.e. the predictive value could only be applied to
situations not included among those on which the hypo-
thesis has been constructed.) Yet, this will not do; another
condition must be ful¢lledöwhat has been predicted must
be testable. Thus, testability links prediction with observa-
tions. Causal hypotheses should accordingly be so formu-
lated that their conjunction with speci¢c statements may
enable predictions to be deduced and then tested. The
higher the precision of the prediction, the more probable
the possibility of its con£ict with the subsequent observa-
tion. If the outcome does not agree with the prediction,
the hypothesis will be rejected. On the other hand, the
more such tests it survives, the greater its contribution to
knowledge, the closer its approximation to truth, the
higher its preference over other hypotheses.

But what of analogy? Is it possible or legitimate to
condemn it outright? From the Popperian angle, it has no
place in falsi¢cation of causal hypotheses. Nevertheless,
the medico-biological sciences cannot reject it as an
auxiliary tool. Analogy is used in the generation of
hypotheses, and to expel it dogmatically from the process
of cognition would be to give up an important helper in

this respect. One can, however, go so far as to agree with
Popperians that it is not a very ingenious source of
hypotheses and that creative invention is more productive
and of greater intellectual consequence.

6. VIRUSES AND TUMOURS:

BASIC CHARACTERISTICS OF THE SYSTEM

After a somewhat lengthy but necessary and hopefully
su¤cing preparatory discourse, let us turn to the subject
proper of this essay, which is a discussion of the role of
viruses in the pathogenesis of malignant tumours in man.
According to what we know today, viruses are directly
involved in the development of about 15% of human
tumours. (We will leave out of our discussion situations in
which viruses contribute to tumour development in-
directly by inducing a state of immunosuppression, e.g.
in AIDS. This falls under a broader category of patho-
logical phenomena resulting from weakened e¤cacy of
immune surveillance.)

To demonstrate that one or another virus is an agent of
a human tumour is a di¤cult matteröindeed, it prob-
ably belongs among the most di¤cult tasks of biomedical
research. The problem is complicated primarily by the
fact that all of the incriminated tumour viruses are
widely distributed among human populations and, in so
far as they give rise to tumours, they do so in only a low
percentage of infected individuals. Most of the infections
are clinically inapparent and so speci¢city of the e¡ect is
very low. It is thus clear that a virus is not a su¤cient
cause of the disease. This conclusion corresponds well
with the contemporary knowledge of the biology of
normal cell transformation into a tumour cell. A tumour
cell does not arise all at once but is a result of gradual
development on a background of alterations of three
categories of its genes. The ¢rst two are known as `onco-
genes’ and `tumour suppressor genes’, and their products,
respectively, positively and negatively in£uence cell multi-
plication and survival, while the third category consists of
genes whose products take part in cellular DNA repair.
The products of tumour virus genes intervene signi¢-
cantly in cell growth control, but under natural condi-
tions are apparently unable to a¡ect the development of a
tumour cell by themselves. Insertion of the viral genetic
material into the cell (though not necessarily integrated
into the host cell chromosomes) and expression of the
viral oncogenes are events that must be followed by other
events on the way to malignant transformation of the cell.
There is also another mechanism of tumour cell induction
by viruses, namely insertional mutagenesis occasioned by
integration of viral DNA (DNA copy of viral RNA) into
the host cell genome. Even this event does not su¤ce, it
de¢nitely has to be followed by other genetic alterations.
In terms of the logical patterns of causal relationships (see
table 1), virus-associated malignant transformation is a
typical instance of pattern 2B, which corresponds to the
general hypothesis of catenated cause.

7. EVOLUTION OF CAUSAL THOUGHT

IN MICROBIOLOGY

Before we attempt to systematize the ways and means
appropriate for critical evaluation of causal relationships
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between viruses and tumours, it will be useful to
summarize brie£y the development of causal thinking in
microbiology.

The problems of causal relationship between microbe
and disease came to the forefront of interest for the ¢rst
time towards the end of the 19th century when, following
the introduction of solid media in bacteriology, newly
isolated bacterial species began to become known quickly.
`Conclusions’ concerning the role of the di¡erent agents
in the pathogenesis of human and animal diseases began
accumulating equally fast. The ¢rst scientist to realize
that it was necessary to introduce order into the inter-
pretation of ¢ndings was the celebrated German
bacteriologist Robert Koch (Koch 1892). More than a
hundred years ago he formulated principles, known as
Koch’s postulates, by whose ful¢lment he conditioned
con¢rmation of causal relationship between a microbe
and a disease. Their briefest version is as follows. The
particular infectious agent: (i) is present in every case of
the disease, under conditions that may account for the
pathological changes and clinical course of the illness;
(ii) is not present in other diseases as an accidental and
non-pathogenic agent; (iii) after it has been isolated and
grown in pure culture, is capable of producing the
disease.

As is evident, the criteria are very rigorous. Their
formulation concedes nothing but su¤cient causation
(pattern 1 in table 1) and maximum speci¢city and do not
allow for the possibility that pathogenicity of a microbe is
strictly species speci¢c. The ¢rst two postulates are induc-
tive, the third is deductive. In Koch’s conception, a nega-
tive result was tantamount to falsi¢cation.

Although Koch’s postulates have done a good service to
medicine by helping to clarify the aetiology of many
infectious diseases and in£uencing medical thought
positively even beyond the area of infectious diseases,
their uncompromising application has had some adverse
a¡ects as well. Sometimes it contributed to darkening,
rather than throwing light on, the origin of a disease.
With the present state of knowledge we can easily see all
that Koch’s postulates left out of view: the asymptomatic-
carrier status, epidemiological and immunological aspects
of the study of causality, existence and reactivation of
latent infection, autoimmune processes, etc. Koch himself
later realized the excessive rigidity of the principles he
had set up. Nevertheless, I am not aware he ever tried to
reformulate them.

Notwithstanding all the objections we may have against
them, Koch’s postulates have, with various modi¢cations,
survived until these days. Their ¢rst important comple-
mentation was undertaken in the 1930s, during the ¢rst
period of modern virology, when serological methods
began to have their say. The modi¢cation introduced by
the American virologist T. Rivers amounted to recogni-
tion of speci¢c antibodies, namely their appearance or
rise of their level, as evidence equivalent in signi¢cance to
isolation of virus (Rivers 1937). This helped medical
virology enormously. Let us not forget that until the
beginning of the 1950s virus isolation was a very exacting
accomplishment and the prerogative of a limited number
of laboratories. A turning point came in the 1950s after
the massive introduction of tissue cultures into medical
virology that fundamentally simpli¢ed and facilitated the

isolation of viruses. In the course of only a few years
thousands of new virus isolates representing over 100 new
virus species were heaped up in virology laboratories.
Most often they came from patients su¡ering from un-
di¡erentiated diseases of the upper respiratory tract or
the alimentary tract, or from aseptic meningitis.
However, the same viruses were very often also found in
healthy subjects, which suggested that, in so far as they
caused illness at all, they only did so in rare cases. More-
over, no susceptible host was found among laboratory
animals for a large majority of the new viruses. Based on
these ¢ndings, new guidelines for determining aetiological
relationships were formulated by Huebner (1957). They
were probably the most important modi¢cation of Koch’s
postulates. The most essential change proposed by
Huebner amounted to the new postulate of conditioning
the proof of causal relationship between a virus and a
disease by epidemiological evidence. This amounted to
demonstration that the virus was present signi¢cantly
more often in patients than normal individuals of the
same age and sex, living in the same place at the same
time, and under comparable socio-economic conditions.
Indeed, epidemiological investigations turned out to be
the messenger that brought convincing evidence that
many of the new viruses were pathogenic for humans.

The changes in thinking brought about by the new
¢ndings and the concepts that germinated upon them left
their mark on the general understanding of the patho-
genesis of infectious diseases. Since the late 1950s there
has been a steady shift of interest from the infectious
agent alone to the circumstances of the infection and the
response of the host. In other words, it has transpired
that the development of illness does not depend on the
presence of the infectious agent alone, but also on indi-
vidual predispositions, i.e. on the physiological state and
genetically conditioned susceptibility of the infected
individual, as well as on participation of external co-
factors that may lower his resistance. This means a de¢ni-
tive departure from the hypothesis of the su¤cient cause
resting with microbiology.
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Table 3. Criteria of aetiological relationship between virus and
tumour (Evans 1982)

immunological
presence of virus antibodies is more frequent inpatients than in

control subjects
raised antibody levels are more frequent inpatients than in

control subjects
virus antibodies and their raised levelsprecede development

of tumour

virological
virus genetic material ispresent in tumour tissue but absent

from normal tissues
the virus is capable of transforming normal cells into cells

carrying tumourpotential

experimental
the virus is capable of producing tumours in susceptible

animals
in experimental tumours, the virus or its genetic material can

be detected
neutralizationof the virusprior to inoculationwillprevent

tumour development



8. METHODOLOGY OF THE STUDY

OF VIRUS±TUMOUR RELATIONSHIPS

Modern tumour virology was born in the 1960s.
Gradually, a long series of viruses eliciting tumours in
animals were identi¢ed, and initially indirect and then
direct evidence that viruses were the agents of some forms
of malignant growth in humans began to accumulate.
The ¢rst attempts to introduce order into judgement on
aetiological relationships started from Koch’s postulates.
It soon became clear, however, that not one of them
could be adhered to in the study of the role of viruses in
the development of human tumours. This conclusion
followed not only from the above-mentioned extensive
distribution of potential tumour viruses in human popu-
lations and the high frequency of asymptomatic infections,
but also from the gradual recognition of the nature of the
virus^cell interaction that leads to malignant trans-
formation. In short, it became clear that there were no
scienti¢c grounds for the postulate of presence of infec-
tious virus in the tumour or its absence in healthy subjects
or, considering the frequent species restriction of the
oncogenic e¡ect, for the strict postulate of reproducibility
of the disease in laboratory animals.

Accordingly, the need was realized for the formulation
of a new set of postulates, criteria or guidelines the appli-
cation of which would enable more accurate judgement of
the role of viruses in the development of malignant
tumours in man. The progress made in the methodology
of aetiological studies of non-infectious diseases played a
signi¢cant part in their elaboration. Stimuli came from
the above-mentioned demonstration of causal relationship
between smoking and lung cancer as well as from the
discovery of an association between diet and cardio-
vascular diseases. It became furthermore increasingly
evident that aetiological conclusions in chronic diseases,
including malignant tumours, must be based on inte-
grated ¢ndings of di¡erent medical disciplines, among
which epidemiology was to play a prime role, and not on
any separate ¢nding, no matter how signi¢cant. It was at
this time that Hill’s criteria were drawn up, to be either
preceded or followed by sets compiled by Yerushalmy &
Palmer (1959), Lilienfeld (1959), Sartwell (1960), Susser
(1977), Johnson & Gibbs (1974) and some others.

The nature of the problem in tumour virology was
neatly expounded by the late Alfred S. Evans, who paid
systematic attention to causality issues in medicine. In his
considerations, he put special emphasis on the historical
background of the various solutions, which stemmed up
not only from the growing volume of knowledge, but also

from the evolving medico-biological technologies. He
attempted to surmount the existing conceptual limitations
and the unhappy schism that arose and gradually intensi-
¢ed in discussions on the aetiology of acute and chronic
diseases. He proposed a new set of criteria for clarifying
the relationships between viruses and tumours (Evans
1982), presented in table 3. As may be seen, Evans
divided his criteria into three categories, namely immu-
nological (in fact, epidemiological), virological and
experimental, and was actually the ¢rst in tumour
virology to respond in a creative way to the demand for
interdisciplinarity. Each category includes a number of
partial postulates whose ful¢lment conditions causal infer-
ence. In formulating his criteria Evans was strongly
impressed by the growing evidence that the Epstein^Barr
virus was the causative agent of Burkitt’s lymphoma and
nasopharyngeal carcinoma, and that another of the
herpesviruses, the agent of genital herpes (so-called
herpes simplex virus type 2, HSV2) was aetiologically
involved in cervical carcinoma.

However, the situation changed markedly in sub-
sequent years, partly owing to falsi¢cation of the hypoth-
esis of the causal role of HSV2 in the development of
cervical carcinoma and partly owing to discoveries of
new human tumour virus candidates, i.e. the viruses of
hepatitis B and C, papillomaviruses, and human T
leukaemia virus types I and II (HTLV-I and HTLV-II).
These ¢ndings could only with di¤culty be compressed
into Evans’ schema as drawn up in the early 1980s. This
was recognized by H. zur Hausen, the pioneer in investi-
gating the role of papillomavirus in cervical cancer.
Among the criteria he especially required the regular
demonstration of viral DNA in tumour cells and the
proof that the malignant phenotype of transformed cells
depends on it. He formulated four postulates `which, if
ful¢lled, should permit an unambiguous identi¢cation of
human or animal tumour viruses’ (Zur Hausen 1991,
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Table 4. Criteria of aetiological relationship between virus
and tumour (Zur Hausen 1991)

regularpresence andpersistence of nucleic acid of the virus or
of a related type in cells of speci¢c malignant tumours

induction of proliferative changes upon transfection of the virus
genome or parts therefrom in appropriate tissue culture cells

demonstrationthat the induction of these changes and the
malignantphenotype of the tumour cells depend on functions
exerted by thepersisting viral DNA

epidemiological evidence that infections with the respective virus
represent risk factors for tumour development

Table 5. Tests for hypotheses of aetiological relationship
between virus and tumour

direct tests
epidemiological

testing forprevalence of infectionby the virus inpatients
and control subjectsödeterminationof strength and
consistency of this association

testing for epidemiological characteristics of tumour
occurrence and spread of virus

testing for time sequence
testing for e¡ect of intervention against virus on tumour

incidence
immunological

testing for immune reactivity of patients with virus antigens,
especially thosepresent in tumour cells

testing for relationship between strength and characterof
speci¢c immune responses and clinical state

molecular^biological
testing for thepresence of virus-speci¢c macromolecules in

tumour cells

indirect tests
testing for oncogenicity of virus in laboratoryanimals
testing for capability of virus to transform cells cultivated

in vitro
testing forpersistence of virus in infected organism, etc.



p.687). Zur Hausen’s postulates are summarized in
table 4.

Already before that, we also ventured to modify Evans’
postulates (Vonka et al. 1987). The set of criteria we
suggested for the most part represented a combination of
the aforementioned elements and concepts. The main
innovations were (i) an emphasized priority of epidemio-
logical criteria, (ii) a certain mitigation of the signi¢cance
of the virological ¢ndings themselves, and (iii) categoriza-
tion of the di¡erent elements of evidence into the more
important direct (i.e. decisive) and the less important
indirect (i.e. supportive). Although, in my opinion, no
important new ¢ndings that would necessitate a funda-
mental factual revision of these guidelines have appeared
since their publication, in the light of the dazzling develop-
ment of the philosophy of science and its ever increasing
penetration into the sphere of biomedical research, they do
not seem acceptable in the form originally presented. I
have accordingly tried to transform them in line with
Popper’s epistemology, replacing the terms c̀riterion’ and
p̀ostulate’ (terms with which many people ¢nd fault) by
formulations implying that the essence of aetiological
studies is testing the hypotheses and predictions inferred.
Reformulated, they are presented in table 5.

Let us now examine the capacity of the di¡erent tests
to verify or falsify a hypothesis, in dependence on the
character of their results. Table 6 attempts to evaluate the
cognitive power of epidemiological studies. It is clear that
some of the results will have a verifying and others a falsi-
fying meaning. Let us not be deceived by the almost even
distribution of the crosses denoting the signi¢cance of
di¡erent results. In order to have verifying value positive
¢ndings would have to be obtained in all or nearly all
tests, whereas falsi¢cation in any one point will falsify the
hypothesis as a whole. We (Vonka et al. 1984) and later
other groups (Adam et al. 1985; Lehtinen et al. 1993) have
falsi¢ed the hypothesis of an aetiological role of HSV2 in
the pathogenesis of cervical carcinoma in prospective
studies by the sole demonstration that there is no excess
risk of cervical neoplasia in HSV2-infected women, thus
indicating that development of the neoplasia is not
preceded by HSV2 infection. Perhaps this example could
illustrate the asymmetry between falsi¢cation and veri¢-
cation so strongly accentuated by Popper.

A similar picture is presented by the results of direct
molecular biological and immunological tests (table 7).
Their results seem to be of lesser value both in terms of
veri¢cation and falsi¢cation. Inferior still is the value of
results of indirect tests, whose inclusion in the scheme
respects the principle of analogy (table 8). They can
certainly play the role of a corroborative factor in veri¢-
cation attempts but have no falsi¢cation value.

There are two caveats and provisos. First, the demon-
stration of markers of viral infection (antibody, viral
nucleic acid) in patients and in a control population may
not be reliable enough because of the lack of adequate
laboratory technology. This was an inherent shortcoming
of studies on the HSV2^cervical cancer relationship in
the 1960s and 1970s and papillomavirus^cervical cancer
relationship in the 1980s. Thus, to be able to verify or
falsify an aetiological hypothesis the measurement error
should be very low. Even a low level of misclassi¢cation
can considerably distort the expected prevalence of virus
infections and induce incoherencies in epidemiological
¢ndings. Empirical simulations have shown that low
speci¢city represents a much greater problem than low
sensitivity (Franco 1991). Second, some evidence has accu-
mulated suggesting that some viruses could transform
cells in a `hit-and-run’ manner, like chemical or physical
carcinogens (Schlehofer & Zur Hausen 1982). This would
have an impact on the methodology proposed. Out of the
three categories of criteria listed in the preceding tables,
only the epidemiological ones could be applied, and
epidemiology alone, then, should provide the evidence of
involvement of a virus in cancer.

9. CONCLUSIONS

Let us return from tumour viruses to the general ¢eld
of discourse. I daresay we should approach the current
philosophical disputes on the nature of causality in
science with a large dose of tolerance but not reject the
lessons that modern epistemology o¡ers. Although we do
not need to accept all of Popper’s concepts, we should
appropriately appreciate his contribution to the en-
deavour to ¢nd and de¢ne in a new way the logical rela-
tionship between observation and scienti¢c theory. The
methodology based on conjecture and rejection opens
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Table 6. Signi¢cance of ep idemiological ¢ndings for veri¢cation or falsi¢cation of hypotheses

(Single cross, signi¢cance low; double cross, signi¢cance high.)

result characteristics veri¢cation falsi¢cation

prevalence of infection higher in strengthof association
patients than controls high ++

low +
none +

consistency
yes ++
no +

epidemiological features of tumour yes +
occurrence and virus spread are similar no +
tumourpreceded by infection yes +

no ++
incidence lowered by intervention yes ++

against virus no +



space for, and invites, critical thinking, encourages those
coming with new ideas, frees cognition of its subjective
dimension, and warns us against mistaking presumed
knowledge (belief in knowledge) for real knowledge. It
restores to the process of cognition its empirical basis and
supplies evidence that cognition grows without relying on
veri¢cation. The legitimacy of Popper’s conviction, i.e.
soulless piling up of c̀orroborative’ observations is of far
lesser value for scienti¢c progress than is active e¡ort to
overthrow hypotheses and replace them by others, could
be demonstrated in many instances.

However, nothing was more alien to the great thinker
and his philosophy than doctrinarianism, and a mistake
is committed by some extremists among his adherents
who would like to topple down some of the principles on
which research was based in the medical sciences over the
past 100^150 years. Their rejection of whatever order or
frame in scienti¢c work is not only unjust, factually in-
correct and scienti¢cally uneconomical, but in a way is
also risky in the context of medical investigation. In medi-
cine, the problem of causality has a speci¢c feature that
follows, as already pointed out, from possibly very serious
consequences of any new causal conclusions. For the
evaluation of their validity and for their consequent
possible acceptance or not by the medical community,
some set of rules is needed which, notwithstanding its
limitations, furnishes the researcher with guidelines as to
what questions should be addressed and what answers
should be sought, and, furthermore, inspires the scienti¢c
community towards critical evaluation of the ¢ndings
obtained. These rules, if thoughtfully applied, should
improve the scientists’ skills in solving their problems.
Although general consensus about any such set of rules

assisting judgement about causality cannot even be
expected, at least a wide agreement following from
critical evaluation of the various sets proposed is ex-
tremely desirable. Such a set or system of guidelines, if it
is to be functional, should institutionalize as a working
concept an interdisciplinary approach to the investigation
of causal relationships between a putative aetiological
factor and a disease under study, which I have attempted
to illustrate with the example of viruses and tumours.

Whatever the system of guidelines, however, it must
never be a strait-jacket limiting the freedom of research.
Attempts at a strict application of philosophical principles
in science would necessarily separate the logic of science
from the practice of science, which would bring about a
most undesirable state. As Susser (1988) observes, if a
research worker must decide what to do next `in the
narrows and rapids of research’, then he will prefer to
follow his common sense rather than philosophical
precepts. Even if falsi¢cation is of much higher signi¢-
cance than veri¢cation in the process of recognition of
causes, without veri¢cationöwhich can be de¢ned as a
high degree of probability not readily open to doubt
because of not being falsi¢able by contemporary meansö
we could probably not work our way to any conclusions
acceptable to the medical community and usable in
medical practice. However, such conclusions should be
drawn with the utmost care, with humility before the yet
unknown. Even if medical conscience tends to oppose the
thesis that causal relationships cannot be proved beyond
any doubt, one must face it. Only in this way we can try to
avoid a greater number of blunders than the unavoidable.
The most practical concrete consequence of such a stance
is a high degree of circumspection in the introduction of
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Table 7. Signi¢cance of immunological and molecular biological ¢ndings for veri¢cation and falsi¢cation of hypothesis

result characteristic veri¢cation falsi¢cation

patients react with virus-speci¢c antigens of tumour
cells

always
sometimes
never

++

+a

relationship between level and nature of
speci¢c immune response(s) and clinical
state inpatientspresent

always
sometimes
never

++

+a

virus-speci¢c macromoleculespresent
in tumour cells

always
sometimes
never

++

+a

a There is a theoreticalpossibility that in some situations the virus acts like a chemical carcinogen (in a `hit-and-run’manner); hence a
negative result need not have a strongly falsifying meaning.

Table 8. Signi¢cance of indirect tests for veri¢cation and falsi¢cation of hypotheses

result characteristic veri¢cation falsi¢cation

virusproduces tumours in animals yes +
no

virus transforms cells in vitro yes +
no

viruspersists in infected organism for yes +
prolongedperiods of time no



new therapeutic, diagnostic and preventive procedures.
From the epistemological point of view, such an approach
warrants continuation of the process of cognition, and is
essentially, whether we like it or not, a further invitation to
falsi¢cation.
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